1. The Global Increase of Sporotrichosis Creates New Problems as Well as Knowledge Opportunities {#sec1-jof-04-00089}
================================================================================================

Sporotrichosis is an implantation mycosis with a subacute/chronic course caused by a dimorphic fungus of the genus *Sporothrix*. This mycosis may affect both humans and domestic animals and in the few last years, studies focused on case reports or case-series have demonstrated the geographic dispersion and the increase of sporotrichosis worldwide \[[@B1-jof-04-00089],[@B2-jof-04-00089],[@B3-jof-04-00089],[@B4-jof-04-00089],[@B5-jof-04-00089],[@B6-jof-04-00089],[@B7-jof-04-00089],[@B8-jof-04-00089],[@B9-jof-04-00089],[@B10-jof-04-00089],[@B11-jof-04-00089],[@B12-jof-04-00089]\]. Since this mycosis is transmitted classically by traumatic inoculation through soil, vegetables, and wood containing propagules of the fungus of the genus *Sporothrix* associated with the fact that the mechanization of rural work tends to ward off these sources of infection, the increase of sporotrichosis in dense urban areas suggests changes in the epidemiological aspects \[[@B13-jof-04-00089]\]. Some hypotheses have been discussed in the literature, such as (i) climate changes with rises in temperature and humidity favoring fungal growth \[[@B14-jof-04-00089],[@B15-jof-04-00089]\]; and (ii) the increased description of domestic animals (mainly dogs and cats) affected by sporotrichosis and implicated as dispersers of fungi in the environment and domestic space \[[@B16-jof-04-00089],[@B17-jof-04-00089],[@B18-jof-04-00089],[@B19-jof-04-00089],[@B20-jof-04-00089],[@B21-jof-04-00089]\].

Faced with these new sources of infection and forms of transmission, physicians, veterinarians, and scientists now have new challenges in controlling infection in humans and animals. How can they perform differential diagnosis with other dermal agents when the fungus has not been identified? How can they evaluate the response to treatment? How do they conduct complicated human cases and those presenting atypical clinical manifestations such as the ones described in recent years? \[[@B20-jof-04-00089],[@B22-jof-04-00089],[@B23-jof-04-00089],[@B24-jof-04-00089],[@B25-jof-04-00089],[@B26-jof-04-00089],[@B27-jof-04-00089],[@B28-jof-04-00089],[@B29-jof-04-00089],[@B30-jof-04-00089],[@B31-jof-04-00089],[@B32-jof-04-00089]\]. Although the increase in the number of cases has been accompanied by problems for the health system, it has created opportunities to produce knowledge and to deepen the study of human and animal cases that were previously scarce. In this context, a variety of previously non-existent or unaware information has emerged in recent years such as studies focused on the understanding of the higher susceptibility of cats aimed at controlling the infection in these animals \[[@B1-jof-04-00089],[@B11-jof-04-00089],[@B21-jof-04-00089],[@B33-jof-04-00089]\]; the description of the circulation of new species and complexity in some geographic areas \[[@B10-jof-04-00089],[@B33-jof-04-00089],[@B34-jof-04-00089],[@B35-jof-04-00089],[@B36-jof-04-00089],[@B37-jof-04-00089],[@B38-jof-04-00089]\]; studies about the mechanisms involved in infection and the establishment of lesions in humans and animals by trying to understand the dynamic of fungus--vertebrate interaction \[[@B35-jof-04-00089],[@B39-jof-04-00089],[@B40-jof-04-00089],[@B41-jof-04-00089],[@B42-jof-04-00089],[@B43-jof-04-00089],[@B44-jof-04-00089],[@B45-jof-04-00089]\]; the evaluation of new and old drugs for the treatment and resistance of some isolates have been initiated \[[@B41-jof-04-00089],[@B46-jof-04-00089],[@B47-jof-04-00089],[@B48-jof-04-00089],[@B49-jof-04-00089]\] as well as some correlation attempts between the susceptibility and severity of disease \[[@B50-jof-04-00089],[@B51-jof-04-00089]\]. However, much more needs to be done.

2. Changes in the Epidemiology of Sporotrichosis Infection Alter Both, the Transmission and the Pathogenesis of the Mycosis {#sec2-jof-04-00089}
===========================================================================================================================

The *Sporothrix* complex is composed of dermophilic fungi presenting a saprophytic phase with characteristics of mycelium classically found in soil and decomposing plants from where it can be maintained by in vitro cultures at 25--26 °C. When infecting mammalian hosts, it presents a yeast-like phase, which can also be obtained in culture at 36--37 °C \[[@B52-jof-04-00089]\]. Several mammals such as rodents, dogs, felines (including domestic cats), and humans are susceptible to this fungal infection and it is not possible to rule out infection in other animals including wild ones, although it is difficult to detect in the latter. Classically, infection occurs by traumatic inoculation into the skin through wounds produced by spines, barbs, etc. Up to the early 2000s, only some scattered reports have described the possibility of infection from traumatic inoculation through the scratches and bites of infected animals, notably cats, but nowadays there are many descriptions \[[@B1-jof-04-00089],[@B3-jof-04-00089],[@B11-jof-04-00089],[@B12-jof-04-00089],[@B20-jof-04-00089],[@B23-jof-04-00089],[@B47-jof-04-00089],[@B52-jof-04-00089],[@B53-jof-04-00089],[@B54-jof-04-00089],[@B55-jof-04-00089],[@B56-jof-04-00089],[@B57-jof-04-00089],[@B58-jof-04-00089],[@B59-jof-04-00089]\]. Some authors have also described the possibility of infection through secretions, mainly between animals \[[@B56-jof-04-00089]\] and it has also been suggested that in patients presenting preexistent lesions, the transmission could also occur through licking (mainly by contaminated saliva from cats) or a contaminated environment. The lesion of nasal fossae has also been described in humans, suggesting the possibility of implantation by inhalation \[[@B58-jof-04-00089]\]. Consequently, the epidemiology of sporotrichosis has changed over the last 20 years. Previously considered a work-linked mycosis (farmers, gardeners, etc.) and therefore predominantly in adult males, since the late 1990s, the occurrence of cases related to the scratching/bites of domestic felines has increased, especially in Brazil, characterizing the disease as predominantly a zoonosis \[[@B1-jof-04-00089],[@B3-jof-04-00089],[@B11-jof-04-00089],[@B12-jof-04-00089],[@B20-jof-04-00089],[@B23-jof-04-00089],[@B47-jof-04-00089],[@B53-jof-04-00089],[@B54-jof-04-00089],[@B55-jof-04-00089],[@B56-jof-04-00089],[@B57-jof-04-00089],[@B58-jof-04-00089],[@B59-jof-04-00089]\]. In this country, the predominant etiological agent in cats is *S. brasiliensis*, whose habitat has shifted from plants to cats, leading to epidemic sporotrichosis driven by a pathogen with a low genetic diversity \[[@B16-jof-04-00089]\].

In Brazil, the increased description of a zoonotic profile was initially suggested because of the reports of a large number of cases in veterinarians and veterinary workers who became infected from caring for sick animals \[[@B1-jof-04-00089],[@B20-jof-04-00089],[@B54-jof-04-00089],[@B55-jof-04-00089],[@B57-jof-04-00089],[@B58-jof-04-00089],[@B59-jof-04-00089]\]. This same characteristic has also led to an increase of in-house infection and the profile of the infected individuals has become more diverse, often including women and children, who usually have greater contact with animals.

3. Clinical Presentation of the Human Sporotrichosis {#sec3-jof-04-00089}
====================================================

In humans, sporotrichosis is described as a subacute/chronic mycosis, mainly involving the cutaneous tegument of infected patients, but other tissues may also present the infection \[[@B11-jof-04-00089],[@B12-jof-04-00089],[@B22-jof-04-00089],[@B24-jof-04-00089],[@B30-jof-04-00089],[@B47-jof-04-00089],[@B55-jof-04-00089],[@B56-jof-04-00089],[@B57-jof-04-00089],[@B58-jof-04-00089],[@B59-jof-04-00089],[@B60-jof-04-00089],[@B61-jof-04-00089],[@B62-jof-04-00089],[@B63-jof-04-00089],[@B64-jof-04-00089],[@B65-jof-04-00089],[@B66-jof-04-00089],[@B67-jof-04-00089],[@B68-jof-04-00089],[@B69-jof-04-00089],[@B70-jof-04-00089],[@B71-jof-04-00089],[@B72-jof-04-00089],[@B73-jof-04-00089],[@B74-jof-04-00089],[@B75-jof-04-00089],[@B76-jof-04-00089],[@B77-jof-04-00089],[@B78-jof-04-00089]\].

The main forms of clinical presentation are lymphocutanous sporotrichosis (LC) and fixed sporotrichosis (F) ([Figure 1](#jof-04-00089-f001){ref-type="fig"}). Although less common, mucosal, cutaneous disseminated, and extracutaneous forms (including osteoarticular, pulmonary, meningitis, exogenous, and endogenous endophthalmitis) have also been described ([Table 1](#jof-04-00089-t001){ref-type="table"}) \[[@B11-jof-04-00089],[@B12-jof-04-00089],[@B22-jof-04-00089],[@B24-jof-04-00089],[@B30-jof-04-00089],[@B47-jof-04-00089],[@B55-jof-04-00089],[@B56-jof-04-00089],[@B57-jof-04-00089],[@B58-jof-04-00089],[@B59-jof-04-00089],[@B60-jof-04-00089],[@B61-jof-04-00089],[@B62-jof-04-00089],[@B63-jof-04-00089],[@B64-jof-04-00089],[@B65-jof-04-00089],[@B66-jof-04-00089],[@B67-jof-04-00089],[@B68-jof-04-00089],[@B69-jof-04-00089],[@B70-jof-04-00089],[@B71-jof-04-00089],[@B72-jof-04-00089],[@B73-jof-04-00089],[@B74-jof-04-00089],[@B75-jof-04-00089],[@B76-jof-04-00089],[@B77-jof-04-00089],[@B78-jof-04-00089]\].

The LC form is predominant in all age groups, accounting for 60% to 80% of cases in transmission areas. Approximately 25% of patients present F-forms and 5% to 10% of the cases are characterized by more severe diseases including mucosal, disseminated, and extracutaneous (pulmonary, osteoarticular, etc.) forms. Reactional cases with the presence of erythema multiforme or erythema nodosum are considered uncommon \[[@B11-jof-04-00089],[@B30-jof-04-00089],[@B77-jof-04-00089],[@B78-jof-04-00089]\].

Depending on the geographical area where the transmission occurs, other skin and mucosal lesions such as cutaneous leishmaniasis, tuberculosis, and leprosy as well as some neoplastic and bacterial lesions should be taken into account during diagnosis since they may present a similar clinical presentation, making it difficult to diagnose when specific isolation is difficult due to technical problems. For example, in the state of Rio de Janeiro, Brazil, where the areas of transmission of sporotrichosis and American tegumentary leishmaniasis (protozoosis caused by species of the genus *Leishmania*) overlap, the presence of single ulcerated lesions may lead to confusion, moreover, the cutaneous form of sporotrichosis might be mistaken for the sporotrichoid form of ATL \[[@B79-jof-04-00089],[@B80-jof-04-00089]\] since they can present very similar lesions. In these cases, the epidemiological history associated with a specific diagnostic test, mainly the isolation of the etiological agent, are fundamental in the diagnostic configuration.

Conventional treatment is achieved with itraconazole at a dose of 100 mg/day for 3--6 months. However, high dosages or longer treatment duration may be necessary \[[@B58-jof-04-00089]\]. Cases of resistance to the first drug of choice have been reported, therefore, the use of second choice drugs or drug association has been recommended \[[@B11-jof-04-00089],[@B53-jof-04-00089],[@B58-jof-04-00089],[@B81-jof-04-00089],[@B82-jof-04-00089]\].

In recent years, the possibility of different clinical presentations caused by individual differences in the host has been discussed, especially regarding the specific immune response. Circulation of cryptic species has also suggested as capable of influencing the clinical presentation of sporotrichosis in patients and animals \[[@B3-jof-04-00089],[@B10-jof-04-00089],[@B12-jof-04-00089]\].

4. Is the Etiological Agent a Source of Differences in Clinical Presentation? {#sec4-jof-04-00089}
=============================================================================

The possible role of fungus characteristics in the disease outcome is discussed below and has been vastly discussed in other articles and reviews \[[@B3-jof-04-00089],[@B12-jof-04-00089],[@B52-jof-04-00089],[@B81-jof-04-00089],[@B83-jof-04-00089],[@B84-jof-04-00089],[@B85-jof-04-00089]\]. However, some aspects can be highlighted as different species of the genus *Sporothrix* having different grades of virulence; the role of melanine, glycoproteins, and other cell wall components as markers of virulence, among others. Recently, an increased number of evidence has pointed out the possibility of different *Sporothrix* species being capable of developing different grades of virulence based on their capacity to evade immune recognition \[[@B83-jof-04-00089]\], be recognized by human mononuclear cells \[[@B86-jof-04-00089]\], and induce the immune response \[[@B85-jof-04-00089]\]. In this sense, a variety of *Sporothrix* species, in the past generically characterized as *S. schenckii*, have been demonstrated in recent years. Nowadays, there is a consensus that the *S. schenckii* complex is formed by *S. schenckii*, *S. globosa*, *S. mexicana*, *S. luiriei,* and *S. brasiliensis* \[[@B10-jof-04-00089],[@B34-jof-04-00089],[@B87-jof-04-00089],[@B88-jof-04-00089]\]. *S. brasiliensis* has been described as the most common species in Brazil where most zoonotic epidemics occur \[[@B1-jof-04-00089],[@B53-jof-04-00089],[@B87-jof-04-00089]\]. In addition, *S. brasiliensis* seems to be more virulent than *S. schenckii* since it presents a higher expression of melanin and urease \[[@B84-jof-04-00089]\]. In Venezuela, *S. schenckii* and *S. globosa* are the most common species that have been isolated from human lesions, and *S. globosa* has been associated with fixed lesions which represent the less severe clinical form \[[@B89-jof-04-00089]\]. However, Fischman Gompertz et al. evidenced atypical clinical manifestation due to *S. globosa* infection and resistance to treatment with itraconazole \[[@B90-jof-04-00089]\]. Regarding virulence factors, Hernández-Chaves et al. pointed out that the cell wall is a dynamic organelle vital to different functions such as cell viability, morphogenesis, and pathogenesis and has an impressive capability to adapt its composition and organization under environmental pressure. Therefore, it allows the fungus to evade immune recognition, and influences the mounting of an efficient immune response \[[@B83-jof-04-00089]\]. On the other hand, a better understanding of the metabolic routes, macromolecules from the cell wall, and their role in fungal survival and virulence can lead to the development of new approaches to the design of drugs and vaccines \[[@B12-jof-04-00089]\]. One hot field of knowledge is to understand the entrance of fungus in mammal tissues and cells as well as the first moment of interaction between the etiological agent and the host innate immune response. Despite the studies showing differences in virulence according to the *Sporothrix* species involved \[[@B91-jof-04-00089]\], a direct correlation between human disease and virulence profile is not conclusive \[[@B84-jof-04-00089]\]. For example, severe clinical presentations as disseminated forms can be observed in both immunocompetent and immunocompromised patients \[[@B25-jof-04-00089],[@B68-jof-04-00089]\]. This may signal the possibility that multiple factors from the fungus and host can play a role in driving the clinical evolution of sporotrichosis to benign or severe disease.

5. Immune Response in Human Sporotrichosis {#sec5-jof-04-00089}
==========================================

One important point to highlight is the comprehension of the fungus--immune host system interaction, even in human and animals that consider the development of: (i) typical and atypical forms, (ii) benign or severe cases, and (iii) cases of easy and difficulty treatment. In this sense, some information is available. In the murine model of experimental infection, the role of cellular immunity in infection resistance has been suggested \[[@B92-jof-04-00089]\]. A well-modulated cellular immune response is important in order to control the infection, and an exacerbated effector function could provoke or intensify the tissue damage as observed in human mucosal lesions \[[@B93-jof-04-00089]\].

Data regarding the innate immune response have indicated its role in addressing the adaptive immune response. Negrini et al. demonstrated the importance of TLR2 at the beginning of the immune response once this receptor facilitates the phagocytosis of fungal elements stimulating the production of cytokines such as TNF-α, IL-12, IL-1β, IL-10, IFN-γ, IL-6, IL-17, and TGF-β as well as nitric oxide \[[@B45-jof-04-00089]\]. These cytokines have been implicated in the differentiation of T lymphocytes into Th1 and Th17 cells, and in the regulation of effector functions in specific anti-fungal response \[[@B94-jof-04-00089]\]. Other components of the in situ immune response, notably in the innate-adaptive response interface, may play an important role in the differentiation of T cells and immunological effectors. For example, dendritic cells (DC) may regulate the pro-inflammatory response to fungal elements depending on the recognition and quantity of antigens \[[@B44-jof-04-00089]\]. The authors evidenced that antigens in higher concentrations may stimulate the expression of cytokines IL-23, IL-6, TGF-β, and IL-17, consequently leading to the differentiation of T cells into Th1 and Th17 in vitro suggesting that different initial quantities of stimuli may induce different immune responses \[[@B44-jof-04-00089]\]. In the murine model, Th1 and Th17 cells are induced during *S. schenckii* infection; however, intact Th17 cells are needed for the clearance of the fungal load \[[@B95-jof-04-00089]\]. Even in the absence of Th1 cells, Th17 cells were able to control parasite load and treatment with the anti-IL-23 antibody impaired the ability to control fungal replication \[[@B95-jof-04-00089]\]. In humans, even in established lesions, the abundance of neutrophils was accompanied by a higher parasite load and characterized the most exuberant clinical forms \[[@B40-jof-04-00089]\]. The suppurative inflammatory reaction associated with neutrophil infiltration was also demonstrated in lymphocutaneous lesions \[[@B96-jof-04-00089]\]. The association between Th17 cells and neutrophils is well-described in fungal infections \[[@B97-jof-04-00089]\]; however, it is not the unique cell cooperation described in mycoses. In this sense, in a murine model of experimental candidiasis, Th17 cells were crucial to the control of fungal load and was associated with mature NK cells and the NK cells' capacity to kill target cells, produce IFN-γ, and promote the activity of neutrophils through GM-CSF secretion \[[@B98-jof-04-00089]\]. In another study, the reduction of IL-17 was accompanied by the increase of fungal load in mice experimentally infected with *S. schenckii* \[[@B99-jof-04-00089]\]. Dectin-1 and dectin-2 are cell receptors involved in the recognition and the immune response against fungus \[[@B100-jof-04-00089],[@B101-jof-04-00089]\]. Dectin-1 and dectin-2 recognize fungal surface sugar polymers such as β-glucan and α-mannan, respectively \[[@B102-jof-04-00089]\]. Although in different pathways, both recognitions induce the differentiation of Th17 cells, reactive oxygen species, and the expression of pro-inflammatory cytokines in *Candida albicans* and other fungal infections \[[@B101-jof-04-00089],[@B103-jof-04-00089]\]. In mice experimentally infected with *S. schenckii*, there was an association between the increase of dectin-1 expression by macrophages and nitric oxide, IL-10, IL-1β, and TNF \[[@B104-jof-04-00089]\]. However, in human sporotrichosis, these details need to be clarified and a better characterization of neutrophil function and enzymes associated with the control of fungal burden may help in understanding both the infection and lesion development dynamics.

Mast cells are tissue resident cells observed all over the body. Their role in sporotrichosis has been shown in vitro and in vivo in the murine model \[[@B43-jof-04-00089]\]. In this study, stimulated mast cells with conidia from *S. schenckii* were capable of degranulating to release histamine and produce TNF and IL-6, thus playing a role in the initial neutrophil influx that participates in the conversion from mycelial to yeast form \[[@B43-jof-04-00089]\]. In vivo, mast cells contribute to fungal dissemination and disease worsening \[[@B43-jof-04-00089]\].

Although excellent, the murine model may not entirely reproduce the factors regarding the development of different clinical forms as observed in human sporotrichosis. Due to the shortage in classic cases, the available information about the specific immune response to *S. schenckii* by patients is inconsistent, mainly related to the in situ inflammation data, a field where few studies have been published \[[@B40-jof-04-00089],[@B80-jof-04-00089],[@B96-jof-04-00089],[@B105-jof-04-00089],[@B106-jof-04-00089],[@B107-jof-04-00089]\]. In two of the first studies published, five cases were evaluated and the authors showed that 0.2--0.8% of cells in inflammatory infiltration were dendritic cells \[[@B105-jof-04-00089],[@B106-jof-04-00089]\]. They also detected the infiltration of CD4 and CD8 T cells as well as IFN-γ expressing cells, similar to mononuclear lymphoid cells in the periphery of granulomas \[[@B105-jof-04-00089],[@B106-jof-04-00089]\]. In two other papers, skin lesions of human sporotrichosis were evaluated by histopathological analysis \[[@B96-jof-04-00089]\] and the composition/organization of inflammatory infiltration were evaluated through immunohistochemistry \[[@B40-jof-04-00089]\]. In the last one, fixed lesions were compared to lymphocutaneous lesions, and the latter showed more extension and severity than fixed lesions due to more intense inflammatory infiltrates, leading to more intense tissue destruction. On the other hand, fixed lesions showed a more balanced and efficient immune response leading to the control of infection without the destruction of adjacent tissue and fungal dissemination \[[@B40-jof-04-00089],[@B80-jof-04-00089]\]. Lymphocutaneous skin lesions presented more intense and diffuse inflammatory infiltrates associated with necrosis and suppurative reactions, characterizing an unbalanced immune response \[[@B80-jof-04-00089]\]. A higher severity was associated with a higher percentage of CD4 T cells, CD22 B cells, neutrophils, and NOS2 expression, leading to more intense inflammatory activity. Similar to human skin lesions, in the experimental infection of the murine model, a cellular immune response dependent on nitric oxide was observed as well as a Th2 and humoral immune response in advanced stages \[[@B108-jof-04-00089]\]. The treatment with anti-*S. schenckii* antibodies has led to the reduction of parasite load in various organs in mice \[[@B109-jof-04-00089]\]. These data together suggest that host immune response, mainly that produced by the skin, maintains a phenotypic and functional pattern regardless of the fact that some peculiarities influence disease progression. In fact, there is a consensus that the cellular immune response is essential to control fungal infection, but immunoglobulins from Th1 response also play a beneficial role \[[@B110-jof-04-00089]\]. The enhancement of macrophage ability to phagocytize opsonized fungal elements by immunoglobulins has reinforced this hypothesis \[[@B41-jof-04-00089],[@B111-jof-04-00089]\]. In addition, in higher IL-1β and TNF expression, pro-inflammatory cytokines related to macrophage activation were observed \[[@B111-jof-04-00089]\]. In Balb/c mice, the reduction of IL-1β, caspase-1, and IL-18 coincided with the immunosuppression transitory stage and increase of fungal load, suggesting the role of inflammasome in anti-*S. schenckii* response \[[@B99-jof-04-00089]\]. Maia et al. also observed the relation of IL-1β in the early control of fungal load, but in addition to H2O2 and IL-2 \[[@B112-jof-04-00089]\]. In fact, knockout (KO) mice NLRP3^−/−^, ASC^−/−^, and caspase-1^−/−^ were more susceptible to *S. schenckii* infection than wild-type animals \[[@B113-jof-04-00089]\]. Furthermore, KO mice showed reduced Th17 and Th1 differentiation and reduced production of IL-17 and IL-8, but favored Treg cell differentiation \[[@B113-jof-04-00089]\].

Fungus can use components of the host immune effectors to survive \[[@B83-jof-04-00089]\]. In this sense, asteroid bodies are characterized as spherical yeasts covered by concentric layers of deposited material such as IgG and IgM \[[@B114-jof-04-00089]\]. The deposited material confers fungal resistance to specific immune response, protecting fungal antigens, and maintaining fungal viability and survival \[[@B114-jof-04-00089]\]. Furthermore, some fungal compounds are able to influence host immune response, pathogenicity, and invasion \[[@B112-jof-04-00089],[@B115-jof-04-00089]\]. Rodrigues et al. identified gp70, a cell wall compound which consists of an adhesion molecule for fibronectin and laminin and is able to induce a strong humoral response in patients from different clinical forms \[[@B115-jof-04-00089]\]. Different species seem to induce different host immune responses due to cell wall composition. In this context, *S. schenckii* and *S. brasiliensis* are differentially recognized by human PBMCs \[[@B86-jof-04-00089]\]: *S. brasiliensis* induced higher IL-10 expression and lower TNF and IL-6 expression, and IL-10 expression was dependent on dectin-1 recognition by human cells \[[@B86-jof-04-00089]\]. Some of the identified cell wall compounds have been evaluated as vaccine candidates \[[@B85-jof-04-00089],[@B116-jof-04-00089]\]. Anti-cell wall compound sera from immunized mice was able to induce phagocytosis and inhibit the adhesion of the fungus to fibroblasts \[[@B116-jof-04-00089],[@B117-jof-04-00089]\]. Furthermore, the immunization induced IFN-γ, IL-4, IL-17, and IL-12 expression \[[@B116-jof-04-00089],[@B117-jof-04-00089]\]. Gp70 was also evaluated as a vaccine candidate and induced strong cellular (Th1/Th17) and humoral response in mice immunized with recombinant phages \[[@B118-jof-04-00089]\]. The protection was confirmed after challenge and mice immunized with recombinant phages showed lower CFU and inflammatory infiltration \[[@B118-jof-04-00089]\]. In another study, the ZR8 peptide from gp70 induced CD4 T cells and higher levels of INF-γ, IL-1β, and IL-17A as well as a higher number of neutrophils in skin lesions after challenge, which are associated with fungal control \[[@B119-jof-04-00089]\].

Concerning the role of nitric oxide, the data available are controversial. Nitric oxide production is induced by conidia and yeast cells and has been described as a fungicidal molecule to *S. schenckii* in vitro \[[@B120-jof-04-00089]\]. However, in the experimental infection of the wild type and NOS2^−/−^ murine model, NO induced T cell suppression and fungal dissemination, leading to the death of wild type animals \[[@B121-jof-04-00089]\]. This data suggested a deleterious effect of NO in vivo when *S. schenckii* experimentally infected animals were evaluated. In fact, in skin lesions from sporotrichosis patients (humans), NOS2 expression was associated with more extended and severe lesions such as the lymphocutaneous form as well as to higher fungal load, suggesting that NO may induce tissue damage favoring fungal spread \[[@B40-jof-04-00089],[@B80-jof-04-00089]\]. In addition, lymphocutaneous lesions presented higher IL-10 expression probably as a regulatory mechanism that compensates skin damage, however favoring the escape of fungus from host defense effectors \[[@B107-jof-04-00089]\]. IL-10 as well as arginase-1 and TGFβ can be produced by alternatively activated macrophages (M2), which are cells involved in tissue remodeling, angiogenesis, and repair \[[@B122-jof-04-00089]\], however, are unable to express NOS2 and kill fungal cells serving as a site for parasite survival. M2 cells can be stimulated by cell wall peptide-polysaccharides from *S. schenckii* in a murine model of infection \[[@B122-jof-04-00089]\].

Fernandes et al. suggested a direct association between virulence and resistance to NO \[[@B120-jof-04-00089]\]. The presence of melanin was also associated with pathogenicity \[[@B12-jof-04-00089],[@B123-jof-04-00089]\]. Rats infected with a melanin positive isolate presented a higher frequency of lesions, lymphatic alterations, and lymphadenopathy than animals infected with the melanin negative mutant strain \[[@B123-jof-04-00089]\]. Upon histopathological analysis, the melanin positive isolates induced multiple granulomas, while the mutant strain induced focal and restricted granulomatous reaction \[[@B123-jof-04-00089]\]. The authors considered that melanin protects the fungus from macrophage phagocytosis and from oxygen and nitrogen oxidative radicals \[[@B123-jof-04-00089]\]. In this context, the presence of fungus in the host tissue stimulates an inflammatory reaction with granuloma formation, IFN-γ, and NOS2 expression, leading to tissue damage. Despite this hostile milieu, the fungus can resist oxidative effectors, in part due to its melanin constitution, and disseminate to other sites generating extended lesions as observed in the lymphocutaneous form.

Sporotrichosis has also been reported in immunosuppressed patients. Disseminated sporotrichosis has been described in one liver transplanted patient \[[@B124-jof-04-00089]\]. In co-infection HIV/*S. schenckii*, the clinical exacerbation of skin lesions or unusual clinical forms such as cutaneous dissemination, extracutaneous forms, or the development of meningitis in some cases has been observed as a result of immune reconstitution inflammatory syndrome \[[@B22-jof-04-00089],[@B71-jof-04-00089],[@B73-jof-04-00089],[@B74-jof-04-00089],[@B75-jof-04-00089]\]. Some patients have shown skin lesions before central nervous system involvement, which suggests the hematogenous dissemination of fungus \[[@B74-jof-04-00089]\]. Two systematic reviews focusing on HIV/*S. schenckii* co-infection have been published \[[@B70-jof-04-00089],[@B72-jof-04-00089]\] where the authors showed that most clinical forms were disseminated and cutaneous disseminated. The lower CD4 T cell numbers were associated with the disseminated form, high mortality, and a correlation between the involvement of the central nervous system and death \[[@B70-jof-04-00089]\]. They also observed unusual manifestations such as meningitis, endophtalmitis, primary pulmonary disease, endocarditis, primary sinus disease, and IRIS \[[@B70-jof-04-00089],[@B72-jof-04-00089]\]. In a systematic review of endophthalmitis caused by *Sporothrix* species, the authors described two basic types: (1) the endogenous endophthalmitis produced by fungus dissemination all over the body and more common in HIV patients and those ones living in hyperendemic areas; and (2) exogenous endophthalmitis caused by direct traumatic inoculation \[[@B72-jof-04-00089]\]. In a case report, a correlation between osteoarticular sporotrichosis after hematogenous spread and alcohol abuse was described \[[@B125-jof-04-00089]\]. In a review paper, the authors discussed the cellular and molecular defects of the immune response that were predisposed to systemic fungal infections such as those observed in the co-infected HIV/*S. schenckii* patients \[[@B126-jof-04-00089]\]. Although rare, primary pulmonary sporotrichosis has been also described, though mainly in patients with a long history of smoking \[[@B76-jof-04-00089]\].

An increase in cases of drug resistance depending on the fungal species has also been shown \[[@B1-jof-04-00089],[@B35-jof-04-00089],[@B45-jof-04-00089],[@B88-jof-04-00089],[@B106-jof-04-00089]\]. Almeida-Paes et al. observed an *S. schenckii* isolate resistant to terbinafine and attributed this resistance to melanin protection \[[@B127-jof-04-00089]\]. In a recent work, the impact of repeated exposure to mercury (Hg) was evaluated in infected mice \[[@B128-jof-04-00089]\]. Treatment with HgCl~2~ impaired the immune response, affecting the production of IFN-γ, IL-1, and NO by macrophages, Th1/Th2/Th17 quantities, and their respective cytokines, suggesting that repeated exposure to mercury such as those observed in Hg-polluted areas enhanced susceptibility to *Sporothrix* infection and could be associated with sporotrichosis outbreaks \[[@B128-jof-04-00089]\]. Based on these data, we can hypothesize that good or bad treatment response may be determined by both the fungal agent and the host immune response capability to control fungal replication and dissemination. This hypothesis can be supported by the results obtained in a murine model of experimental infection \[[@B88-jof-04-00089]\] and by the evaluation of human cases \[[@B46-jof-04-00089]\]. Together with the increasing numbers of sporotrichosis cases, mainly in previously safe areas, these facts challenge health professionals to confirm and treat the cases of disease. Furthermore, they face the difficulty of clinical diagnosis due to clinical similarities with several other infectious skin or non-skin lesions \[[@B28-jof-04-00089],[@B32-jof-04-00089],[@B129-jof-04-00089],[@B130-jof-04-00089],[@B131-jof-04-00089],[@B132-jof-04-00089],[@B133-jof-04-00089],[@B134-jof-04-00089],[@B135-jof-04-00089],[@B136-jof-04-00089],[@B137-jof-04-00089]\]. For example, in a comparative study on the immunopathology of tegumentary leishmaniasis and sporotrichosis, the lesions were macroscopically very similar, however microscopically, they differed in quantities of neutrophils, macrophages, CD8 T cells, CD4 T cells, NOS2, B cells, and FasL+ cells \[[@B80-jof-04-00089]\].

These data suggest that the skin immune system is a complex, adaptable system capable of different responses to intracellular or extracellular pathogens \[[@B80-jof-04-00089]\] and that the composition of the inflammatory infiltrates may be used to differentiate lesions of sporotrichosis from tegumentary leishmaniasis when the identification of the etiological agent cannot be undertaken. However, data associated with the study of the immune response from human patients are still scarce in the literature and should be further explored with the aim to elucidate the immunological mechanisms that determine the development of lesions and the response to treatment.

6. Conclusions {#sec6-jof-04-00089}
==============

The increased number of cases of human sporotrichosis together with the worldwide spread observed in the last few years, has led physicians and veterinarians to face new challenges in the diagnosis, treatment, and monitoring of a not well known mycosis. On the other hand, it has also led to an opportunity to deepen the information and knowledge about the disease and its etiological agent. Knowledge has been increased over the past 18 years including the description/detailing of the *Sporothrix* complex as well as the suggestion of the role of both innate and adaptative immune response as playing a role in the clinical presentation and treatment response of human sporotrichosis. However, several missing pieces of information still need to be elucidated to improve the understanding of sporotrichosis pathogenesis. Placing together the two branches of knowledge---host immune response and fungal evading mechanisms---we may perceive new possibilities in understanding the interaction fungus---host to be able to go further in the control of Sporotrichosis.
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Clinical presentation of human sporotrichosis.

  Clinical Presentation                                                     Main Features                                                                                                    Some Reports
  ------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Fixed                                                                     Single nodule, ulcer, or verrucous lesion without signs of lymphangitis                                          \[[@B11-jof-04-00089],[@B12-jof-04-00089],[@B47-jof-04-00089],[@B53-jof-04-00089],[@B55-jof-04-00089],[@B56-jof-04-00089],[@B57-jof-04-00089],[@B58-jof-04-00089],[@B59-jof-04-00089]\]
  Lymphocutaneous                                                           Multiple nodules, ulcers, and signs of lymphangitis following the path of lymphatic draining                     \[[@B11-jof-04-00089],[@B12-jof-04-00089],[@B47-jof-04-00089],[@B53-jof-04-00089],[@B55-jof-04-00089],[@B56-jof-04-00089],[@B57-jof-04-00089],[@B58-jof-04-00089],[@B59-jof-04-00089]\]
  Mucosal                                                                   Ulcers, granulomatous infiltration, serous-purulent discharge, crusts in conjunctiva, nasal and/or oral mucosa   \[[@B11-jof-04-00089],[@B12-jof-04-00089],[@B47-jof-04-00089],[@B53-jof-04-00089],[@B55-jof-04-00089],[@B56-jof-04-00089],[@B57-jof-04-00089]\]
  Cutaneous disseminated in immunocompetent or immunocompromised patients   Multiple nodules and/or ulcers in different non-contiguous parts of the body                                     \[[@B11-jof-04-00089],[@B12-jof-04-00089],[@B47-jof-04-00089],[@B53-jof-04-00089],[@B55-jof-04-00089],[@B56-jof-04-00089],[@B57-jof-04-00089],[@B58-jof-04-00089],[@B59-jof-04-00089]\]
  Extracutaneous in immunocompetent or immunocompromised patients           Osteoarticular, pulmonary, meningitis, exogenous and endogenous endophthalmitis etc.                             \[[@B22-jof-04-00089],[@B24-jof-04-00089],[@B30-jof-04-00089],[@B57-jof-04-00089],[@B60-jof-04-00089],[@B61-jof-04-00089],[@B62-jof-04-00089],[@B63-jof-04-00089],[@B64-jof-04-00089],[@B65-jof-04-00089],[@B66-jof-04-00089],[@B67-jof-04-00089],[@B68-jof-04-00089],[@B69-jof-04-00089],[@B70-jof-04-00089],[@B71-jof-04-00089],[@B72-jof-04-00089],[@B73-jof-04-00089],[@B74-jof-04-00089],[@B75-jof-04-00089],[@B76-jof-04-00089]\]
  Reactional cases                                                          Erythema multiforme, erythema nodosum                                                                            \[[@B30-jof-04-00089],[@B77-jof-04-00089],[@B78-jof-04-00089]\]
